The active site of pyrophosphate-dependent phosphofructo-1-kinase based on site-directed mutagenesis and molecular modeling.
Despite a low level of overall sequence identity between PPi-dependent and ATP-dependent phosphofructo-1-kinases (PFKs), similarities in active-site residues permit a convincing amino acid alignment of these two groups of kinases. Employing recent protein sequence and site-directed mutagenesis data along with the known three-dimensional coordinates of Escherichia coli ATP-dependent PFK, a model of the active site of PPi-dependent PFK was proposed. In addition to providing compatible placement of residues shown to be important by earlier mutagenesis studies, the model predicted an important role for two arginyl residues that are conserved in all known PPi-PFK sequences. Replacement by site-directed mutagenesis of these two residues with neutral amino acids in the PPi-PFK of Naegleria fowleri resulted in a substantial reduction in kcat while not altering the global structure of the enzyme. While the data indicate many similarities in the active-site structures and mechanisms of ATP-dependent and PPi-dependent PFKs, subtle differences, such as the relative roles of Arg residues in the active sites, have evolved in the development of these two subgroups of the PFK family.